[1] A detailed assessment of the respective roles of production, export, and subsequent preservation of organic carbon (C org ) in the eastern Mediterranean (EMED) sediments during the formation of sapropels remains elusive. Here we present new micropaleontological results for both surface samples taken at several locations in the EMED and last interglacial sapropel S5 from core LC21 in the southeastern Aegean Sea. A strong exponential anticorrelation between relative abundances of the lower photic zone coccolithophore Florisphaera profunda in the surface sediments and modern concentrations of chlorophyll a (Chl-a) at the sea surface suggests that F. profunda percentages can be used to track past productivity changes in the EMED. Prior to S5 deposition, an abrupt and large increase of F. profunda percentages in LC21 coincided (within the multidecadal resolution of the records) with the marked freshening of EMED surface waters. This suggests a strong coupling between freshwater-bound surface to intermediate water (density) stratification and enhanced upward advection of nutrients to the base of the photic zone, fuelling a productive deep chlorophyll maximum (DCM) underneath a nutrient-starved surface layer. Our findings imply that (at least) at the onset of sapropel formation physical and biogeochemical processes likely operated in tandem, enabling high C org accumulation at the seafloor.
Introduction
[2] The Mediterranean Sea is a semi-enclosed marginal sea of the Atlantic Ocean with a generally well-ventilated water column owing to multiple sites of intermediate to deep convection and a vigorous basin-wide thermohaline circulation [Zavatarielli and Mellor, 1995; Pinardi and Masetti, 2000] . The latter is largely driven by excess evaporation and related water mass transformation within the eastern Mediterranean (EMED) (i.e., east of the Strait of Sicily) and is thus very sensitive to changes in the freshwater budget of that sector of the basin [e.g., Rohling and Bryden, 1992] . EMED sapropels are organic-rich layers that reflect curtailed bottom water ventilation [Rohling, 1994; Cramp and O'Sullivan, 1999; Negri et al., 2009 ] during periods of orbital precession minima [Revel et al., 2010; Ziegler et al., 2010] , in response to enhanced monsoon-fuelled river discharge along the North African margin [e.g., Rohling et al., 2002 Rohling et al., , 2004 Osborne et al., 2008] . The freshwaterbound weakening of the EMED thermohaline circulation inhibited oxygen supply to the deep sea, thereby promoting organic carbon (C org ) preservation at depth [e.g., Rossignol-Strick et al., 1982; Rohling, 1994; De Lange et al., 2008] . Other studies suggest that enhanced primary productivity in the upper water column during periods of sapropel deposition increased the downward export of C org , in turn, enabling deep-water anoxia [e.g., De Lange and ten Haven, 1983; Calvert et al., 1992] .
[3] Although the debate is often presented in polarized terms of "anoxia" versus "productivity," the actual evidence instead alludes to a combination of these influences, which can be viewed as components of a single underlying hydrographic response to freshwater forcing [Rohling and Gieskes, 1989; Rohling, 1994] . For example, microfossil assemblages [Rohling and Gieskes, 1989; Castradori, 1993; Kemp et al., 1999] and geochemical data [Sachs and Repeta, 1999] in certain sapropels point to the occurrence of a productive deep chlorophyll maximum (DCM) positioned underneath a nutrient-impoverished mixed layer. The shoaling of the isopycnals in response to surface freshening would then explain the upward advection of nutrients [Rohling and Gieskes, 1989 ] that were either "concentrated" in the basin due to a sluggish thermohaline circulation [Sarmiento et al., 1988] , accumulated over a considerable period of time prior to the deep-water ventilation changes [Casford et al., 2002] , or 1 "regenerated" under oxygen-depleted conditions [Slomp et al., 2002] . This picture is contrasted with the present-day EMED, for which sediments are strongly depleted in C org due to ultraoligotrophic and phosphorus-starved surface waters [Krom et al., 1991; Turley et al., 2000; D'Ortenzio and Ribera d'Alcalà, 2009] . The latter is a reflection of a net westward export of dissolved nutrients across the Strait of Sicily that is coupled with the efficient anti-estuarine circulation (and vigorous deep ventilation) in the Mediterranean Sea [Ignatiades et al., 2009; Siokou-Frangou et al., 2010] .
[4] Clearly there is a tight interplay between physical and biogeochemical processes in the EMED, suggesting that vertical fluxes and utilization of nutrients in the upper water column may respond dramatically to perturbations of the basin's thermohaline circulation (for example by freshwater forcing). Deciphering timing and magnitude of these responses is critical for unraveling the mechanisms that control sapropel formation. Recent high-resolution studies have detailed the picture of the physical processes associated with the deposition of sapropels [Casford et al., 2002 [Casford et al., , 2003 Rohling et al., 2002 Rohling et al., , 2004 Rohling et al., , 2006 Marino et al., 2007 Marino et al., , 2009 , but there remains a need for similarly resolved reconstructions of the contemporaneous productivity patterns.
[5] Here we focus on the last interglacial sapropel S5, a strongly developed anoxic event in the EMED [Kemp et al., 1999; Rohling et al., 2002 Rohling et al., , 2004 Rohling et al., , 2006 Marino et al., 2007; Osborne et al., 2008 Osborne et al., , 2010 . Sapropel S5, as opposed to the more recent S1 [Mercone et al., 2001; Casford et al., 2002 Casford et al., , 2003 , is intensively developed in terms of (i) freshwater forcing , (ii) severity of the hydrographic responses throughout the basin [Rohling et al., 2006; Marino et al., 2007] , and (iii) accumulation of organic carbon (C org ) at the seafloor [Kemp et al., 1999; Struck et al., 2001; Rohling et al., 2006; Marino et al., 2007] . The high signal-to-noise ratios in S5 make this anoxic event ideally suited for proxy-based studies aimed at deciphering the causal mechanisms behind sapropel formation. Contrary to the more extreme but less well-dated Pliocene sapropels [Passier et al., 1999] , records for S5 can be placed on an absolute timescale [Bar-Matthews et al., 2000] , allowing the duration of processes to be more firmly assessed. Here we present new surface sediment coccolith results along with downcore coccolith results through S5 from a high sedimentation rate site (LC21) in the southeastern Aegean Sea. New and previously published data from LC21 [Marino et al., 2007] are used to investigate the response of EMED nutrient budget and primary productivity in the upper water column to extensive freshwater-bound hydrographic changes.
Modern Water Mass and Nutrient Dynamics
[6] The Atlantic surface waters that enter the Mediterranean Sea through the Strait of Gibraltar subsequently flow into the EMED through the Strait of Sicily (Figure 1 ) and progressively gain heat and salt along this path [Wüst, 1961; Malanotte-Rizzoli and Hecht, 1988] . During winter-spring, sustained heat loss in the Rhodes cyclonic gyre leads to the formation of the Levantine Intermediate Water (LIW) Theocharis et al., 1999; Zervakis et al., 2000; Hecht and Gertman, 2001] . LIW flows westward between 150 and 600 m water depth [Pinardi and Masetti, 2000] and pre-conditions deep water formation in the northern sectors of the basin [Wu and Haines, 1996] .
[7] The EMED features a permanent nutricline between the density surfaces of 29.00-29.05 and 29.15 isopycnals throughout the basin [Yılmaz and Tuğrul, 1998 ], that is a depth ranging from 50 to 400 m in the southern Aegean Sea [Theocharis et al., 1999] . Primary productivity is fuelled by entrainment of nutrients from lower layers, especially by wintertime vertical mixing [Krom et al., 1992] , and is higher in cyclonic regions such as, e.g., the Rhodes gyre, where doming of the isopycnals causes the nutricline to reach the base of the photic zone. Situated between the cyclonic Rhodes gyre to the east and the cyclonic Cretan gyre to the [Pinardi and Masetti, 2000] , blue arrows; and location of deep water formation sites, red areas. The red star indicates the location of core LC21. Red, white and gray circles show the location of the surface sediment samples that were used for the distribution of F. profunda in Figure 2a and the reconstructions presented in Figure 2c . The black circles depict the location of the surface sediment samples only used for the distribution of F. profunda in Figure 2a . A complete list of these samples is given in Table S1 in the auxiliary material.
west (Figure 1 ), the site of core LC21 is characterized by a shallow nutricline which almost crops out in winter [see, e.g., Theocharis et al., 1999, Figure 8b ].
Material and Methods
[8] Sediment core LC21 (35 40′N, 26 35′E; 1522 m water depth, Figure 1 ) was recovered in 1995 by R/V Marion Dufresne [Rothwell, 1995] . The chronology used here for core LC21 through sapropel S5 follows Marino et al. [2007] and yields a temporal resolution of $40 AE 20 yr cm À1 within S5.
[9] We analyzed S5, in core sections 5 and 6, at 2 cm spacing (102 samples) for the relative abundances of the coccolith species Florisphaera profunda and Helicosphaera carteri, and at coarser resolution (2 to 40 cm spacing) for absolute coccolith abundances. We also assessed the modern distribution of F. profunda in EMED surface sediments based on analyses of this taxon's relative abundances in 43 surface sediment samples retrieved during R/V Meteor cruises M40 leg 4 (1998), M50 leg 3 (2001) and M52 leg 2 (2002); and during the Biodeep01 and Biodeep02 cruises (1997) (Figure 2a ). These new data supplement previously published data (124 samples in total, Table S1 in the auxiliary material). 
Calcareous Nannofossil Analyses
[10] Quantitative analyses of calcareous nannofossil abundances were performed with a polarized light microscope with Â1000 magnification. The smear slides were prepared following standard procedures on the <63 mm sediment fraction for both core LC21 and surface sediment samples. An average of $680 (surface sediments) and $350 (LC21 downcore record) coccolith specimen were counted for each sample.
[11] Absolute coccolith abundances were estimated for 10 samples of LC21 quantifying the number of coccoliths in a portion of the filtered sediment samples [Lototskaya et al., 1998 ]. Samples were prepared as follows: about 0.01 g of sediment was diluted in 100 ml of tap-water and placed in an ultrasonic bath few seconds in order to disaggregate it. The samples were then filtered through a Milipore membrane (47 mm diameter, 0.45 mm pore size) using a low pressure vacuum pump to obtain even distribution of the particles on the filter. The filter was oven-dried at 40
C for 1 h. Finally, a quarter of the filter was mounted with Canadian balsam to make a permanent slide.
Chlorophyll a (Chl-a) Concentrations
[12] The annual composite data of chlorophyll-a (Chl-a) concentration used to calibrate our coccolith-based proxies [Feldman and McClain, 2011] . The symbols are the same as in Figure 1 . (c) Relation between the relative abundances of F. profunda and the surface concentration of Chl-a at the different sites: white circles, samples of the Sicily Strait [Incarbona et al., 2008] , gray circles, samples offshore Libya [Incarbona et al., 2008] ; and red circles, samples of the open eastern Mediterranean and southern Aegean Seas. The heavy black, gray and red lines depict the logarithmic regressions and the red dotted lines depict the 95% interval of confidence of our estimation, which takes into account for the respective uncertainties characterizing the Chl-a concentrations and the relative abundances of F. profunda. The vertical error bars correspond to 1s and the horizontal error bars correspond to the 95% interval of confidence on the estimation of the relative abundances of F. profunda. Field-of-view Sensor (SeaWiFS) project, in order to cover the period from 1986 to 2002 that corresponds to the different oceanographic cruises considered here (Table S1 in the auxiliary material). The Chl-a data are distributed as a Level-3 Binned file product (BIN), reprocessing No. 5, October 2011 [Feldman and McClain, 2011] . The annual composites were downloaded from the http://oceancolor. gsfc.nasa.gov/ website in Hierarchical Data Format (HDF). The images have a resolution of 9 km 2 (4320 Â 2160 pixels) and were analyzed using SeaDAS [Baith et al., 2001] . Information was extracted from the pixels closest to the location of the surface sediment sample sites, and for each sample we averaged the data of the year of the cruise and the year just before.
Ecology of the Selected Coccolithophore Species in the Mediterranean Sea
[13] Florisphaera profunda inhabits the lower photic zone [Okada and Honjo, 1973; Honjo and Okada, 1974; Okada and McIntyre, 1977; Matsuoka and Okada, 1989; Molfino and McIntyre, 1990; Ujiie et al., 1991] . High relative abundances of this taxon are diagnostic of the presence of a well-developed DCM, generally associated with stratified and nutrient-depleted waters in the upper photic zone. This view is corroborated by recent surface water and sedimenttrap studies on coccolithophore distribution and export production in the EMED [Malinverno et al., 2003 [Malinverno et al., , 2009 .
[14] These ecological features make F. profunda particularly well suited to document temporal changes in the development of the DCM and to qualitatively infer the depth of the nutricline [Okada and Honjo, 1973; Molfino and McIntyre, 1990; Castradori, 1993; Beaufort et al., 1997] . In addition, relative abundances of F. profunda increase (decrease) when the upper photic zone is impoverished (replenished) in nutrients [Beaufort et al., 1997; Incarbona et al., 2008] . We reconstruct past dynamics of the nutricline within the photic zone in the southeastern Aegean Sea from down-core records of F. profunda percentages. Additional support to this reconstruction is provided by mapping the distribution of F. profunda in the EMED surface sediments at several locations (Figure 2a) , for which modern (satellite-derived) estimates of Chl-a concentrations at the sea surface are available (Figure 2b) .
[15] A second species we focus on is Helicosphaera carteri, which is considered as a coastal taxon, indicative of moderately elevated nutrient conditions and turbidity [Giraudeau, 1992; Ziveri et al., 1995 Ziveri et al., , 2000 ColmeneroHidalgo et al., 2004; Ziveri et al., 2004; Malinverno et al., 2009] . Previous work has attributed high abundances of H. carteri to fresher and probably more turbid surface waters in the Alboran Sea [Colmenero-Hidalgo et al., 2004] and the Adriatic Sea (during S5) [Narciso et al., 2010] . (Figure 2a) . Florisphaera profunda percentages remain generally in the same order of magnitude throughout the study area with the exception of the southern Aegean Sea and offshore Libya, where values are lower due to shallower water depth (Figure 2a ), in line with previous studies [Incarbona et al., 2008] . We note an exponential anticorrelation between F. profunda percentages and surface water Chl-a concentrations (Figure 2c ) throughout the EMED:
Chl-a ¼ À0:041 Â ln % F: profunda ð Þ þ 0:196
This supports previous studies carried out in the Mediterranean Sea [Incarbona et al., 2008] as well as in other regions of the world ocean [Beaufort et al., 1997 [Beaufort et al., , 2001 [Beaufort et al., , 2003 ], pointing to an exponential increase of F. profunda percentages when primary productivity of the surface waters decreases, or -in other words -when the locus of productivity shifts to subsurface.
The LC21 Downcore Record
[17] Figure 3 shows our downcore coccolith records in LC21 along with other previously reported geochemical and sedimentary data from the same site [Marino et al., 2007] . Florisphaera profunda percentages exhibit relatively low values in the pre-and post-sapropel sections (<20%), an abrupt increase up to $58% prior to the onset of the anoxic sedimentation, and values between 20 and 38% (the latter value corresponding to a distinct peak at $122.2 ka BP) throughout the remainder of the sapropel event (Figure 3a) . The LC21 H. carteri percentages likewise display higher values during the sapropel event and lower values before and after S5 (Figure 3b ). After an abrupt increase roughly coincident with the aforementioned F. profunda peak, the S5 is characterized by a long-term decrease punctuated by several short-term peaks, to eventually reach pre-sapropel values in step with the cessation of the anoxic sedimentation. The absolute abundance of coccoliths (Figure 3a ) displays opposing patterns with respect to both F. profunda and H. carteri profiles in that it is higher in the non-sapropel intervals and lower during S5.
Discussion
[18] The high F. profunda percentages within sapropel S5 in southeastern Aegean core LC21 (Figure 3a ) agree with previous observations of enhanced abundances of this taxon in several eastern Mediterranean sapropels, relative to nonsapropel intervals [Castradori, 1993; Negri et al., 1999; Triantaphyllou et al., 2010; Incarbona et al., 2011] . The evidence from LC21 supports the initial foraminifer-based hypothesis of a strong DCM during the intensively developed sapropel S5 [Rohling and Gieskes, 1989] , as opposed to generally productive conditions in the upper photic zone. The co-registered nature and the high temporal resolution of the LC21 records allow unambiguous documentation of the timing relationships between freshwater-bound hydrographic changes in the upper water column, development of C pachyderma (green circles) and d 13 C pachyderma loess smoothed (heavy green line) [Marino et al., 2007] .
the DCM and onset of the organic-rich sedimentation in the southeastern Aegean Sea.
Freshwater Flooding, Development of the DCM and Dynamics of the Nutricline
[19] The LC21 records reveal that the abrupt increase of F. profunda and H. carteri percentages and the decrease in the total coccolith abundances at $124 ka coincides with the first half of the $1.7‰ decrease in d
18
O ruber (Figure 3c) , which preceded by a few decades [Marino et al., 2007] the onset of the C org deposition at the same site (Figure 3d ). The negative d
18 O ruber shift testifies to pronounced sea surface freshening prior to S5 deposition [Marino et al., 2007] , while the prominent F. profunda peak marks the development of a productive DCM in the subsurface. The remarkable synchroneity (within the multidecadal resolution of the records) of these changes highlights a strong coupling between freshwater-bound hydrographic changes at the sea surface and subsurface productivity increase in the southeastern Aegean Sea. A sharp reduction of the surface buoyancy loss likely reduced deep convective mixing and amplified vertical stratification between surface and subsurface waters, as exemplified by steep oxygen isotope gradients (Dd 18 O, Figure 3e ) between subsurface-dwelling Neogloboquadrina pachyderma (dextral) (Figure 3f ) and surface-dwelling Globigerinoides ruber (Figure 3c) [cf. Rohling et al., 2004 Rohling et al., , 2006 .
[20] It has been suggested that these developments caused the LIW to shoal [Rohling, 1994; Myers et al., 1998; Rohling et al., 2006] , promoting enhanced upward advection of nutrients [Rohling and Gieskes, 1989 ] that fuelled a productive DCM below a strong salinity gradient (halocline). Nutrient utilization within the DCM and the virtual absence of mixing in the upper water column [Rohling et al., 2006; Marino et al., 2007] would nutrient-starve the surface system above it [Sachs and Repeta, 1999] , consistent with the drop in overall coccolith concentrations in our records. Additional insights into the depth of the DCM prior to S5 deposition in LC21 are provided by the contemporaneous increase of H. carteri, which suggests increased turbidity of surface waters at this location. This would have inhibited light penetration (hence photosynthesis) at depth, implying that the nutricline was positioned in the subsurface yet at relatively shallow levels in the photic layer.
[21] The sharp C org increase to values higher than 13% at $123.3 coincided with an expansion of euxinic conditions from the bottom to $200 m depth and with the accumulation of respiration products at the base of the photic zone (very low d 13 C pachyderma in Figure 3g ) [Marino et al., 2007] . Oxygen-starved conditions would have promoted extensive denitrification [Krom et al., 2010] and phosphorous regeneration [Slomp et al., 2002] , thereby enhancing the nutrient availability within the water column. It seems therefore surprising that the F. profunda percentages decreased considerably at 123.3 ka and remained generally low throughout S5 (yet still higher by $15% than in non-S5 intervals). There is a possibility that during S5 the DCM was dominated by phytoplankton groups other than coccoliths, e.g., diatoms [Kemp et al., 1999] . This is supported by the low coccolith concentrations in LC21 (Figure 3a) and would also agree with the lowered CaCO 3 levels generally found in the EMED sapropels [Van Os et al., 1994; Reitz and de Lange, 2006] . Alternatively, the sharp reduction of the vertical stratification (erosion of the halocline) that we observe at $123.3 (low Dd 18 O, Figure 3e ), via downward diffusive mixing [Casford et al., 2002] of the freshening signal (low N. pachyderma d
O, Figure 3f ) may have inhibited the concentration of nutrients near the base of the photic zone and, in turn, decreased productivity within the DCM.
[22] The very low percentages of F. profunda and high coccolith concentrations (Figure 3a) in the non-S5 sections point to an oligotrophic photic zone with most of the primary production focused within its upper part. During both the pre-and post S5 intervals, and similar to the present-day EMED, the upper water column was homogenized (low Dd 18 O), with well-ventilated subthermocline waters [Pierre, 1999; Rohling et al., 2006] . The nutricline likely was positioned below the photic zone with the surface primary productivity resulting, from upward mixing and entrainment of thermocline waters during the winter season [Krom et al., 2003] . At $119 ka the N. pachyderma d 13 C decreased, in apparent disagreement with the proposed return to pre-S5 conditions. This may be explained by upward admixture of old deep waters, laden with isotopically light (respired) CO 2 , due to the resumption of deep-water formation. It is interesting that, although these developments would have presumably lifted remineralized nutrients toward the photic zone [Stratford and Haines, 2002] , the low F. profunda percentages suggest no productivity increase in the DCM during this period. This evidence emphasizes that the freshwater-induced shoaling of the pycnocline and the development of a distinct halocline underneath a freshened surface layer are fundamental ingredients to develop a nutrient-replete DCM while the sea surface experiences nutrient-starvation.
Impacts of the Hydrographic and Productivity
Changes on the Development of Anoxic Conditions in the Eastern Mediterranean Sea
[23] The LC21 records presented here provide the first direct evidence that, prior to the deposition of the last interglacial sapropel S5, the nutricline abruptly (within less than a century) shoaled within the photic layer and that this change occurred in concert with a series of major hydrographic reorganizations initiated by massive monsoon-fuelled freshwater discharge along the North African margin Osborne et al., 2008 Osborne et al., , 2010 . Two additional lines of evidence support the tight coupling between freshwater perturbation in the EMED and the vertical migration of the nutricline in the upper water column. First, the distinct increase of F. profunda percentages at $122.2 ka BP in LC21 (see Figure S1 in the auxiliary material) coincides with the reactivation of the excess monsoon discharge route through the Libyan Sahara [Osborne et al., 2008] into the EMED . Second, d
18 O ruber and F. profunda percentages strongly covary in LC21 (Figure 4) . Accordingly, curtailment of the EMED deep ventilation [Marino et al., 2007] and increased productivity in the DCM (this study) can both be seen as abrupt responses of the EMED thermohaline cells and of the vertical flux of nutrients (and their subsequent utilization) to the orbitally driven [Revel et al., 2010; Ziegler et al., 2010] monsoon floods.
[24] The enhanced C org preservation promoted by seafloor anoxia is unlikely to account alone for the abrupt transition from C org -depleted to C org -enriched sediments in the EMED, let alone for the remarkably high C org levels (up to $14%) found in the southeastern Aegean sediments during S5 (Figure 3d ) [Marino et al., 2007] . The particularly high C org values in LC21 and at other locations throughout the EMED during S5 [Struck et al., 2001; Rohling et al., 2006] are contrasted with moderate C org levels ($2-3%) found in the Aegean Sea [Mercone et al., 2001; Thomson et al., 2004] and in the EMED [De Lange et al., 2008] during S1 and in other Late Pleistocene sapropels [Kallel et al., 2000] . We suggest that the elevated C org levels of the last interglacial sapropel event require a concomitant increase in the export flux of organic matter to the seafloor. Reconstruction based on coccoliths (this study) and on diatoms [Kemp et al., 1999] prove that prior to and during S5 deposition, an increased C org export to the deep sea likely resulted from the development of a productive DCM in the EMED subsurface. By contrast, the weakly developed S1 features lower F. profunda percentages [Negri et al., 1999; Thomson et al., 2004; Triantaphyllou et al., 2009] and a lack of diatoms [Boere et al., 2011] . Hence, the amount of freshwater discharged and its associated hydrographic changes, together with the advection across the upper water column of nutrients that are regenerated under oxygen-starved conditions [Slomp et al., 2002; Krom et al., 2010] , modulate the magnitude of C org burial in the EMED sediments during sapropel formation.
Conclusions
[25] We presented new coccolith records (F. profunda and H. carteri percentages, coccolith concentrations) that document in high temporal detail the primary productivity and turbidity changes prior to, during, and after the deposition of the last interglacial sapropel S5 in the southeastern Aegean Sea core LC21. The (negative) exponential relationship between F. profunda percentages and satellite-derived Chl-a concentrations at 24 locations in the EMED supports the employment of downcore relative abundances of this taxon to reconstruct past productivity patterns in LC21.
[26] Comparison of our coccolith records with the coregistered planktonic foraminiferal stable isotopes from the southeastern Aegean Sea reveals that the onset of the sea surface freshening prior to S5 deposition [Marino et al., 2007] was accompanied by an abrupt shift toward higher turbidity and lower primary productivity conditions in the surface waters, while a productive DCM developed in the subsurface. The remarkable synchroneity of these developments points to a strong sensitivity and instantaneous response (within less than a century) of the vertical fluxes and utilization of nutrients to freshwater perturbation in the EMED. Specifically, the onset of major monsoon-fuelled freshwater flooding within the last interglacial period [Rohling et al., , 2004 ] initiated a series of hydrographic adjustments that rapidly culminated in the isolation of a nutrient-starved surface layer from a nutrient-replete DCM.
[27] We speculate that the permanent cyclonic circulation at the LC21 core site and the associated "doming" of the isopycnals caused the nutricline to shoal well within the photic layer during the S5. This fuelled a DCM that was possibly more productive than in other sectors of the EMED featuring different circulation regimes (e.g., close to anticyclonic gyres), thereby (partly) explaining the very low subsurface d
13
C values and the rapid upward progression of the euxinic conditions previously documented in LC21 [Marino et al., 2007] . These features agree well with the enhanced denitrification in the water column [Krom et al., 2010] and sediments and with the phosphorus recycling [Slomp et al., 2002] proposed for the EMED during sapropel formation.
